1. Introduction {#sec1}
===============

Self-grooming is an innate behavior that is represented across wide range of animal species, such as land vertebrates and arthropods. Despite only far relatedness between these groups, the main features of grooming behavior are amazingly similar and serve the same needs, namely, body cleaning and disease prevention, distribution of some substances across body surface, and as a displacement behavior in stressful conditions \[[@B1]--[@B3]\].

Body cleaning is the most obvious purpose of grooming behavior; in insects it can be elicited by small particles, irritants, and weak mechanical stimulation \[[@B4]--[@B9]\]. Care of the body surface is thought to be important for disease prevention by elimination of pathogens \[[@B10], [@B11]\], fungi \[[@B12]\], and also parasites and parasitoids \[[@B13], [@B14]\]. Along with listed above, grooming is used to spread some substances throughout the integuments \[[@B11], [@B15], [@B16]\].

Grooming of various body parts is organized in particular sequences, usually with cephalocaudal progression \[[@B2]\], although no set sequences were found for cockroaches \[[@B17]\]. Frustrated animals perform displacement activities that are identified as locomotory behaviors, cleaning behaviors (e.g., grooming), and manipulation of objects, patterns of which are often disturbed \[[@B18]--[@B21]\].

Robust orientation toward the odor source is a vital trait for the insects of various species. Volatiles activating odorant receptors inside olfactory sensilla are eliminated by odor-specific as well as nonspecific enzymes \[[@B22], [@B23]\], terminating the response. However, odor molecules adsorbed by sensillar and antennal cuticle are likely to travel towards the pores \[[@B24], [@B25]\] and approach receptor cells long after the odor is gone. According to our recent finding \[[@B26]\] the layer of liquid hydrocarbons which builds up on the surface of antennal flagellum is taken out while passing it through the mouthparts. Hydrophobic odorant molecules get adsorbed and dissolved by the hydrocarbons and should be removed to maintain high temporal resolution of odor signal. Thus, the turnover of antennal lipidous layer serves dual function: directing odorant molecules towards pores on the sensillar walls \[[@B42]\] and removing the odorant from the antennal surface.

Pheromone-degrading enzymes were found on the surface of antennae, wings, and legs of some moth species \[[@B27], [@B28]\], but clearance of other odors belonging to different classes of chemical substances was not considered. It was noticed that restrained antenna is becoming wetted after a course of odor stimulation and was suggested that liquid exudation is likely functioning in removing residual ligands \[[@B29]\]. Since the liquid is removed by grooming \[[@B26]\], the purpose of current study was to describe in detail the frequency and timing of this particular behavior with special emphasis on novelty and odor traits.

2. Materials and Methods {#sec2}
========================

Male last-instar nymphs of*Periplaneta americana* L. were transferred from the stock colony to the cage and were reared under 12 : 12 LD regime at 28 ± 1°C. After the last molt cockroaches were transferred into the experimental setup, they were kept for at least two weeks prior to tests. The experiments started in the first half of a dark phase, a period of maximum locomotor activity \[[@B30]\] and pheromone sensitivity \[[@B31]\]. Water and food were provided ad libitum.

The setup consisted of 3 components: a transparent plastic cage (30 × 45 × 30 cm) containing food and water, a shelter (17.0 × 17.0 × 5.5 cm) that was constantly dark inside, and an exchangeable test chamber (20 × 20 × 8 cm); the latter 2 were separated from the cage with plastic doors (modified from \[[@B29]\]). At the beginning of testing, the door between the shelter and the cage was shut, and the door between the cage and test chamber was open for a short time, allowing only one insect to enter in it. Odor cartridge was loaded with 0.1 mL of 0.1% v/v solution of eucalyptol (1,3,3-trimethyl-2-oxabicyclo\[2,2,2\]octane, Fluka) in mineral oil (oleum vaselini, P 71.273.2, Tver Pharmaceutical Factory) ([Figure 1(a)](#fig1){ref-type="fig"}); 0.1 mL of pure oil was used in control experiments. Artificial air (21% O~2~ and 79% N~2~) was blown through the cartridge with flow rate 3.5 mL/min. Two consecutive video recording sessions lasting 30 min started after a 10 min acclimation period and followed each other with a 10 min break. After an experiment the test chamber was removed and the cockroach was not returned to the cage. This scheme was chosen to avoid marking of the cockroaches, since it was shown to affect grooming in insects \[[@B32]\]. Three series of experiments were conducted.

*Series 1 (Blank).* Cartridge was loaded by control stimulus in both sessions (*n* = 8).

*Series 2 (Odor).* Cartridge was loaded by control stimulus in the first session and with eucalyptol in the second session (*n* = 13).

*Series 3.*  Cartridge was loaded with control stimulus, only one session was run (*n* = 5). For statistical evaluations purposes the data of this series was pooled with those from the first session of Series 1 and Series 2, so the sample size became *n* = 26.

Video files were processed manually frame by frame. Following grooming events were counted and timed separately: cleaning of antennal flagellum by mouthparts; scraping of antennal base by foreleg; cleaning of forelegs and midlegs/hindlegs (pooled together) by mouthparts; scraping of cerci and genitalia by hindlegs. To evaluate locomotor activity, the top-view projection of the test chamber was divided into 4 quadrants and the number of visited quadrants was calculated.

Obtained values were transferred to MS Excel for further data processing and statistical evaluations. Differences (session 2 − session 1) were calculated for every cockroach from each series for each groomed body part (Tables [2](#tab2){ref-type="table"} and [3](#tab3){ref-type="table"}). Two-factor ANOVA with repeated measures on one factor (two consecutive sessions X Series 1 and 2) was used to compare data on the grooming of a particular body part from Series 1 and 2. This procedure was chosen to remove the extraneous variability that derives from preexisting differences in grooming values between series (online calculator, <http://vassarstats.net/>). Results of these tests are available in Supplementary Table available online at <http://dx.doi.org/10.1155/2014/329514>. Kolmogorov-Smirnov goodness of fit test (<http://contchart.com/goodness-of-fit.aspx>) was performed before running Student\'s *t*-test (for normally distributed data) or Mann-Whitney and Wilcoxon signed-ranks test (in other cases).

3. Results {#sec3}
==========

The background grooming frequencies were calculated from the first sessions of Series 1, 2, and 3 ([Table 1](#tab1){ref-type="table"}). Since cerci, sternum, and genitalia were cleaned rarely (we observed just 9 events through 26 tests, which lasted in average 2.1 ± 1.2 s.) they were excluded from further analysis.

Grooming sequences mostly started from antennal grooming followed by scraping antennal bases with ipsilateral foreleg and passing this foreleg through mouthparts and facultatively ended with midleg or/and hindleg grooming. 74.6 ± 4.8% of grooming events was comprised in sequences which lasted 75.0 ± 4.9% of all grooming time.

Preexisting differences between Series 1 and 2 were found for the frequencies in grooming of antennae (*P* \< 0.01, Student\'s *t*-test), antennal bases (*P* \< 0.05 Mann-Whitney test), and forelegs (*P* \< 0.05, Student\'s *t*-test), but not midlegs and hindlegs (*P* \> 0.05, Mann-Whitney test) as well as for the time spent for grooming (*P* \< 0.05 for antennae, antennal bases, and forelegs, Mann-Whitney test) ([Table 2](#tab2){ref-type="table"}). The first look at the differences (session 2 − session 1) in grooming values suggests that these values are dissimilar between Series 1 and 2. Two-way ANOVA with repeated measures on one factor, performed to test the dissimilarities statistically, revealed clear changes in antennal grooming in presence of the odorant, but not in grooming the other body parts; namely, the antennal flagella were cleaned more frequently when the odor was presented (*P* \< 0.05) in comparison with control. There was no difference across consecutive sessions for the number of observed flagellum groomings and for the time spent for grooming. Total time spent on antennal maintenance (antennal flagella, antennal bases, and foreleg cleaning taken together) reveals significant influence of the both factors: odor presence (*P* \< 0.05) and consecutive sessions (*P* \< 0.05). Duration of a single cleaning event of antennal flagellum raised at the second session (*P* \< 0.01) and differences were significant for both series (*P* \< 0.05, Student\'s *t*-test); there was no difference between Series 1 and 2 in duration of antennal cleaning events. Antennal bases were groomed more often and took more time in the second sessions (*P* \< 0.01), but the odor did not significantly affect this behavior (*P* \> 0.05) (Tables [2](#tab2){ref-type="table"}, [3](#tab3){ref-type="table"}, and [4](#tab4){ref-type="table"}). Duration of an antennal base cleaning event was the same for all sessions. Odor did not affect midleg and hindleg grooming, but more frequent (*P* \< 0.01) and longer (*P* \< 0.05) cleaning events were observed in the second session; also the time spent for grooming increased (*P* \< 0.01) (Tables [2](#tab2){ref-type="table"}, [3](#tab3){ref-type="table"}, and [4](#tab4){ref-type="table"}).

Grooming sequences took longer time and contained in average more elements at the second sessions (two-way ANOVA with repeated measures on one factor, *P* \< 0.01 for the time and *P* \< 0.05 for number of elements) than in the first ones. The changes in sequence parameters look similar for both series ([Figure 1](#fig1){ref-type="fig"}), but the longest grooming sequences (41.9 ± 5.3 s) were observed for the second sessions of control series.

Proportion of grooming events comprised in sequences was similar for all samples (two-way ANOVA with Repeated Measures on One Factor, *P* \> 0.05), but the small difference between two control consecutive sessions was statistically significant (*P* = 0.02, Wilcoxon signed-ranks test). Sessions of the Series 2 did not differ (*P* \> 0.1).

Locomotor activity was not affected by odor (*P* \> 0.05, two-way ANOVA with repeated measures on one factor), but uniform decrease was found for both series (*P* \< 0.0001, [Table 6](#tab6){ref-type="table"}).

4. Discussion {#sec4}
=============

Our data on*P. americana* background grooming obtained for the combined control group are in agreement with those reported earlier \[[@B33]\], namely, the overall time spent for grooming in our experiments was 129.4 ± 16.7 s versus 66 ± 66 s in referred study (the difference was statistically insignificant, Student\'s *t*-test, *t* = 0.93, *P* \> 0.05). Percentage of antennal grooming is also similar: 35% \[[@B33]\], 36% in our preliminary experiments where cockroaches were tested in groups in their living cage \[[@B34]\], and 47% in this study, where animals were tested separately in a clean cage. A slightly higher proportion of antennal grooming in the present study is most likely due to the absence of contaminations which cause cleaning of legs that were in contact with contaminants. Brief analysis of grooming in our experiments questions the postulated lack of particular patterns. The majority of grooming events were organized in sequences ([Table 5](#tab5){ref-type="table"}), 67% of which started with antennal grooming and additional 22% with foreleg grooming. Foreleg was sometimes cleaned immediately before it grasped the flagellum, so this behavior may be related to antennal grooming and viewed as an optional step of the sequence. Although sequences were relatively flexible, a trend to anterior-posterior progression similar with that described for vertebrates \[[@B2]\] was obvious in contrast to that previously reported for cockroaches \[[@B17]\].

Importance of grooming behavior for the maintenance and acuity of sensory organs was suggested for some insects in different circumstances \[[@B35]--[@B37]\], but as far as we know was not experimentally examined. Grooming as nonspecific mechanism of signal cleanup is probably a widespread phenomenon; it was noticed in different insect species challenged with pheromone and nonpheromone odors \[[@B38]--[@B40]\]. Our present data shows that eucalyptol, the general odorant which causes excitation of a receptor cell housed in male-specific pheromone-sensitive antennal sensilla \[[@B29], [@B41]\] induces significant changes in the frequency of antennal grooming.

Grooming is a complex multipurpose behavior which is reflected in its "microstructure" \[[@B44]\]. Exposure to novelty is a traditional approach in research of displacement behavior studies in vertebrates and it causes abnormal patterns and interrupted bouts in rodents \[[@B44]--[@B46]\]. Shorter grooming sequences displayed by cockroaches in the first sessions (Figures [1(b)](#fig1){ref-type="fig"} and [1(c)](#fig1){ref-type="fig"}) appear to be a form of displacement behavior due to transition to the new surroundings---cleaned box and absence of conspecifics. Shorter cleaning events in the first sessions of both experiments are also in line with well-known stress-related behavioral phenomena \[[@B18]\]. Application of odor in the second session of Series 2 rearranges behavior in favor of antennal grooming. Stressful condition results in multiple changes in biogenic amine levels, which in turn could contribute to the alterations in grooming behavior \[[@B47]\]. Decrease in agitation level could also be recognized by increasing the number of elements in grooming sequences of the second sessions of both series. Locomotor activity data, which shows significant decline in movements with time independently from presence or absence of odor, also support this statement. It is worth emphasizing that odor stimulus did not produce noticeable changes in length and timing of grooming sequences and did not alter duration of either grooming event, so odor presented in our experiments does not cause features of displacement behavior and shows the absence of agitation response. Thus, changes in antennal grooming clearly correlate with odorant perception by an insect.

Importance of chemosensory-dependent grooming should not be overlooked in applied studies, since excessive grooming affects target behavior of beneficial insects \[[@B48]\]. Sugar dusting increased grooming activity decreased bee infestation with*Varroa* mites \[[@B9]\], so application of odors would provide supplemental or alternative treatment.

5. Conclusions {#sec5}
==============

Novelty stress disturbs grooming pattern by shortening grooming sequences and duration of cleaning events, similarly with phenomena known for birds and mammals. These data raise a question on origin and evolution of physiological mechanisms involved in manifestations of displacement behavior throughout the main lineages of animal taxa. Males of*P. americana* cockroaches clean more often their main olfactory organs, the antennal flagella, in presence of eucalyptol, the plant odor, underpinning the importance of grooming behavior in olfactory reception.

Supplementary Material {#supplementary-material-sec}
======================

###### 

Two-way ANOVA with Repeated Measures on One Factor was performed for the number of grooming events, time spent for the particular kind of grooming during the whole session, and duration of a single grooming event (Sessions 1-2 as repeated measures and Series 1-2 as independent factors). Online calculator <http://vassarstats.net> was used to obtain P values.
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![(a) Scheme of experimental setup. (b) The average number of events in a grooming sequence. Error bars are standard errors. (c) Average duration of grooming sequence (s). Error bars are standard errors.](TSWJ2014-329514.001){#fig1}

###### 

Background grooming (averaged over 26 experiments, mean ± standard error).

                                Antennae     Antennal bases   Forelegs     Midlegs      Hindlegs
  ----------------------------- ------------ ---------------- ------------ ------------ -----------
  Number of observed events     9.3 ± 1.1    1.7 ± 0.4        6.7 ± 1.0    1.2 ± 0.4    0.3 ± 0.2
  Time spent for grooming (s)   69.3 ± 9.0   5.7 ± 1.4        34.2 ± 5.9   14.9 ± 3.8   3.5 ± 1.6

###### 

The number of observed grooming events (count). Mean ± Standard error. Difference was calculated for each animal.

  Series               Session      Antennae       Antennal bases   Forelegs     Midlegs and hindlegs   SUM
  -------------------- ------------ -------------- ---------------- ------------ ---------------------- --------------
  Series 1 *n* = 8     1 (blank)    14.3 ± 2.2∗∗   2.9 ± 0.4∗       9.3 ± 1.1∗   2.0 ± 0.5              28.4 ± 3.8∗∗
  2 (blank)            10.0 ± 2.3   6.0 ± 1.5      11.8 ± 2.1       3.6 ± 1.1    31.4 ± 5.7             
  Difference (2 − 1)   −4.3 ± 1.4   3.1 ± 1.9      2.5 ± 2.0        1.6 ± 1.3                           
                                                                                                        
  Series 2 *n* = 13    1 (blank)    7.2 ± 1.3      1 ± 0.5          4.5 ± 1.2    1.5 ± 0.5              14.2 ± 2.9
  2 (odor)             6.8 ± 0.9    3.9 ± 1.1      11.2 ± 1.9       3.2 ± 0.5    25.1 ± 3.5             
  Difference (2 − 1)   −0.3 ± 1.2   2.9 ± 1.0      6.6 ± 1.5        1.7 ± 0.4                           

Statistical differences between first sessions of Series 1 and 2: ^\*^ *P* \< 0.05;  ^\*\*^ *P* \< 0.01.

###### 

Time spent for grooming (s). Mean ± Standard error. Difference was calculated for each animal.

  Series               Session        Antennae        Antennal bases   Forelegs      Midlegs and hindlegs   SUM
  -------------------- -------------- --------------- ---------------- ------------- ---------------------- -------------
  Series 1 *n* = 8     1 (blank)      100.4 ± 20.0∗   8.8 ± 2.3∗       43.8 ± 6.9∗   13.1 ± 3.1             166 ± 29.4
  2 (blank)            87.8 ± 23.4    21.9 ± 5.4      66.1 ± 11.3      37.3 ± 11.6   213 ± 43.7             
  Difference (2 − 1)   −12.6 ± 18.1   13.1 ± 6.4      22.4 ± 12.4      24.1 ± 11.5                          
                                                                                                            
  Series 2 *n* = 13    1 (blank)      54.8 ± 10.8     4.2 ± 2.2        22.2 ± 6.2    13.2 ± 5.4             94.3 ± 21.2
  2 (odor)             57.8 ± 7.3     12.2 ± 3.4      56.3 ± 9.8       31.5 ± 6.4    157.8 ± 20.7           
  Difference (2 − 1)   3.1 ± 9.8      8.1 ± 3.0       34.2 ± 9.2       18.2 ± 6.7                           

Statistical differences between first sessions of Series 1 and 2: ^\*^ *P* \< 0.05.

###### 

Duration of a single grooming event (s). Mean ± standard error.

  Series              Session     Antennae    Antennal bases   Forelegs     Midlegs and hindlegs
  ------------------- ----------- ----------- ---------------- ------------ ----------------------
  Series 1 *n* = 8    1 (blank)   6.9 ± 0.6   3.0 ± 0.4        4.7 ± 0.4    6.9 ± 1.1
  2 (blank)           8.7 ± 0.6   3.8 ± 0.4   5.9 ± 0.6        10.8 ± 0.9   
                                                                            
  Series 2 *n* = 13   1 (blank)   7.6 ± 0.5   4.0 ± 1.2        4.5 ± 0.6    8.3 ± 1.7
  2 (odor)            8.7 ± 0.6   3.3 ± 0.4   5.1 ± 0.4        9.9 ± 1.0    

###### 

Grooming events comprised in sequences (in percents to all grooming events, mean ± standard error).

                     Session 1      Session 2
  ------------------ -------------- -------------
  Series 1 (blank)   76.6 ± 4.9%    87.6 ± 4.6%
  Series 2 (odor)    70.8 ± 10.8%   83.5 ± 5.5%

###### 

Locomotor activity (quadrants visited, mean ± standard error).

                     Session 1      Session 2
  ------------------ -------------- -------------
  Series 1 (blank)   81.9 ± 8.7     36.0 ± 10.0
  Series 2 (odor)    107.8 ± 18.5   51.8 ± 10.0
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